Current and Future Responses of Aerosol pH and Composition in the U.S. to Declining SO2 Emissions and Increasing NH3 Emissions.
Aerosol pH can affect gas-particle partitioning of semivolatile species, secondary aerosol formation, aerosol water uptake and growth, acid deposition, and, potentially, aerosol toxicity. Despite its importance, aerosol pH projected in the near future has not been addressed explicitly while investigating the response of aerosol concentrations to emission regulations. In this study, we apply CMAQ to simulate aerosol pH in 2011 and 2050 across the continental U.S. We also assess the influence of two major emission trends, declining SO2 emissions and rising NH3 emissions, with a set of sensitivity simulations. Our results show that the aerosols will remain acidic with average pH typically ranging from 0.5 to 3.5 in 2050. Further reducing domestic SO2 emissions does not significantly decrease aerosol acidity, even if SO2 emissions were reduced to preindustrial levels because of the nonlinear response of SO42- concentration to SO2 emissions, and the semivolatile NH3-NH4+ buffering effect. Aerosol pH response to NH3 emission increase will remain minor. Consequently, future fine particulate matter control efficiency will not be undercut by additional nitrate aerosol formation even if SO2 emissions from industry and electricity generation are aggressively controlled, although areas will see some substitution leading to nitrate increases if NOx emissions are not reduced.